ABSTRACT
INTRODUCTION
Water is a renewable natural resource. Due to ever increasing industrialization, urbanization, this precious resource is constantly under pressure. There are various dimensions to water quality and its deterioration. Water pollution is rendering much of the available water unsafe for consumption. The demands of the increasing population, loss of forest cover, untreated effluent discharge from industries and municipalities, use of non-biodegradable pesticides/ fungicides/ herbicides/ insecticides, use of chemical fertilizers instead of organic manures, etc are causing water pollution. Furthermore, there are numerous water-borne diseases like cholera, diarrhea, dysentery, etc. which are transmitted by drinking contaminated water. Thousands of chemicals have been recognized in drinking water sources around the globe and regarded as potentially unsafe to human health at relatively high concentrations [1] . Heavy metals are the largest harmful part of the chemical pollutants and are of specific concern due to their toxicities to humans [2] . Metals and metalloids with atomic weights ranging from 63 to 200.6g/mol and densities greater than 4.5 g/cm 3 are naturally stable [3] . There are 59 elements that are categorized as heavy metals and five out of these are considered to be very toxic and dangerous heavy metals [3] . They include cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb) and zinc (Zn) which is discharged into the environment by human activities or through natural constituents of the earth's crust. Cadmium pollutants in water may occur from industrial discharge and mining waste [2] . Cadmium contamination is caused by its release in wastewaters and contamination from fertilizers and air pollutants. Cadmium is more toxic than lead and chromium. Cadmium at high levels causes' disease and at low levels over a prolonged period causes high blood pressure, sterility among males, kidney damage and flu disorders [4] . Hence, cadmium removal in water using natural polyelectrolyte such as Moringa seeds would be an advantage [5] . Chromium is widely distributed in the earth's crust and is used in metal plating [6] . In general, food appears to be the major source of chromium intake and on the basis of guideline value, there are no adequate toxicity studies available to provide long-term carcinogenicity study [7] . In epidemiological studies, a relationship has been established between exposure to chromium (VI) by the inhalation route and lung cancer [1]. Copper is both an essential nutrient and a drinking water contaminant [7] . Recent studies have shown effects of copper in drinking water on the gastrointestinal tract, but there is some uncertainty regarding the long term effects of copper on sensitive populations such as carriers of the gene for Wilson disease and other metabolic disorders of copper homeostasis.
Lead in water arises from a number of industrial and mining sources and is the most widely distributed of all toxic metals Lead in water causes serious problems such as anemia, kidney disease and affects the nervous system [7] . Placental transportation of lead in humans affects babies and young children absorb 4-5 times as much lead as adults [1] The lead toxicant accumulates in the skeleton and causes adverse health effects and interferes with calcium metabolism and with vitamin D metabolism [4] . However, evidence from studies in humans shows adverse neurotoxic effects other than cancer occurring at very low concentrations of lead [1] . Therefore, there is a need for the removal of lead from all drinking water. Zinc is an essential trace element found practically all food and potable water in the form of salts or organic complexes [1]. It is found in industrial waste and used in metal plating. Therefore, sources of zinc in water are mainly from industrial discharge and natural sources [8] . The removal of zinc is essential for water treatment processes in producing good quality water [9] . Research is being conducted all over the world to develop more techniques which can generate pure water at low cost. For this reason, various new water purification techniques which have come up to purify water for example by using rechargeable polymer beads, using the seeds of Moringa oleifera tree, purifying water by using aerobic granular sludge technology. Moringa oleifera is one of the most valuable trees in the world; with a vast amount of benefits. The plant possesses many valuable properties which make it of great scientific interest. The world map is exciting, as we can check that rural and urban populations can easily benefit from the assets of the moringa, but also the poorest people by contributing to their food security, sanitation, drinkable water, and, health in general. Moringa oleifera is the most widely cultivated species of the genus Moringa. It is the sole genus in the flowering plant family Moringaceae. The name is derived from the Tamil word murunggai or the Malayalam word muringa, both of which refer to M. oleifera.
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It contains 13 species from tropical and subtropical climates that vary in size from tiny herbs to massive trees. It is also known as drumstick tree, from the appearance of the long, slender, triangular seed pods, horseradish tree, from the taste of the roots which resembles horseradish, or ben oil tree, from the oil derived from the seeds. The tree itself is rather slender, with drooping branches that grow to approximately 10m in height. In cultivation, it is often cut back annually to 1-2 meters and allowed to regrow so the pods and leaves remain within arm's reach [19] . In developing countries, moringa has potential to improve nutrition, boost food security, foster rural development, and maintain sustainable landcare. It may be used as forage for livestock, a micronutrient liquid, a natural anthelmintic, and possible adjuvant.
Moringa seeds are rich in proteins and oil, and, are traditionally used for beauty care [20] . Seeds are also used for water purification. The wood provides a blue dye and it is used for live fences. Medicinal qualities offer to treat diabetes, to enrich anemic blood, to staunch a skin infection, to be an antibiotic, to heal gastric ulcers, and, to care eyes. Thus, this tree offers very interesting opportunities as a food supplement, nutrition, vegetable, oil, water treatment, green manure, foliar spray, natural fertilizer, livestock feed, fodder, medicine, cosmetic and care products [21] . The most recent research has established that crushed moringa seeds are capable of attracting and sticking fast to bacteria and viruses that are found in contaminated and turbid water [22] . The seeds produce positive charges like magnets attracting negative elements of bacteria and other toxic particles [21] . This inspired the development of an innovative natural sanitation water treatment that uses moringa seeds to purify water. This groundbreaking discovery is going to transfigure the sanitation and water treatment practices and will aid significantly in the provision of clean water.
It is perceived that moringa is available in viable quantities and easy to cultivate in the tropical and semiarid belt. Seed harvested for water treatment are allowed to dry naturally on the tree and must be harvested in the dry season. Seeds are round with a brownish semi-permeable seed hull. They have found that when the seeds are dried, crushed and added to water, the seed powder acts as a coagulant binding the particles and bacteria. After a short while the coagulated particles, known as a flock, go down to the bottom and clear water can be poured off. The coagulated solid matter is easily removed. It works on the basis that when mixed with water the crushed seeds produce positively charged proteins which attract the negatively charges particles and bacteria. The mixing action causes them to collide, coagulate and attach to each other: the seeds naturally decrease the turbidity of the raw water by 90 percent leaving clear the water of solids but also removing 90 to 99 percent of the bacteria. Now, it is scientifically proved that Moringa seeds, a natural material locally accessible from villagers, give great purification outcomes, with no harmful effects, better as those obtained with costly commercial chemicals, as alum and chlorine which is known to produce trichloromethane, a cancer precursor [23] and alum (aluminum sulphate) which has been linked to Alzheimer's disease [11] . In addition, the cost of purchasing synthetic coagulants and disinfectants is in hard currency leading to high pricing for treated water in Africa [12] . The coagulative effect of moringa seeds was even better than with Alum and this can be explained with the fact that M. oleifera seeds exhibited strong antimicrobial activity [15] . Activated Carbons are the most efficient adsorbents known. It is basically a solid material consisting mainly of pure carbon. A characteristic feature is its porous structure and the resulting immense surface area which may be as large as 1500 m 2 /gm. Due to its outstanding adsorption qualities, activated carbon is extensively used in process destined to purify, discolor, recuperate and remove odors at low cost and superior efficiency. Adsorption is an interfacial process involving the collection of gaseous or solute components on the surface of adsorbent solids. This phenomenon is associated with physical attractive forces that bind gaseous and solute molecules commonly known as Vander-Waals forces. Adsorption is thus a physical process, i.e. the substances adsorbed on the solid do not undergo any chemical reaction with the latter. The adsorbing solid is referred to as adsorbent and the substance to be adsorbed from the liquid or the gas phase as the solute. The adsorption power and rate is determined by the kind of activated carbon, the particle size, the pore size, and its distribution [13] www.ijasre. (Fig 1) . As a precautionary exercise standard procedures were followed for sample handling and collection [24] . The samples were analyzed for their physical and chemical parameters before treatment 
Preparation of moringa seed solution
The dried seeds were crushed into a fine powder, collected and weighed 1.73g into 100ml of distilled water. The solution was stirred for 5 minutes and allowed to settle for another 1 minute. This was then filtered to achieve a clean solution as filtrate of moringa seed. This was replicated for each of the polluted water samples.
Wastewater treatment with moringa seed
Five clean 500ml beakers were labeled accordingly with 250ml ml of the respective polluted water samples and 100ml of the filtered moringa seed solution which were thoroughly stirred for 1min. and allowed to stand for 1hrs [15] .An hour after, the particles and contaminants have settled to the bottom as floc. The clear and clean water was carefully decanted into another clean beaker, filtered and stored at 4 o C for subsequent analysis.
Wastewater treatment with Activated carbon
8.20g of analytical grade activated carbon was weighed in five 10ml dry and clean beaker each. 100ml each of the water samples were filtered through the activated carbon in Whatman filter paper with a glass funnel into a 250ml clean and dry conical flask for the filtrates.
2.5 Biochemical oxygen demand (BOD) determination 1 L of diluted water was prepared by adding 1 ml of phosphate buffer, magnesium sulfate, calcium chloride and ferric chloride solution to 996 ml of distilled water. About 10 ml from water sample prior and after the treatment was transferred into each BOD bottle. Then, 300 ml of diluted water was added to the BOD bottle.
Besides that, 300 ml of diluted water was transferred into the BOD bottle and allocated as the control. Each sample after mixing was then measured using a DO meter. After that, the diluted water was added to the flared mouth of the bottle and covered with aluminum foil to prevent evaporation from the solution. All bottles were then incubated into BOD incubator for 5 days at 20 o C.
DO value was measured after 5 days [23].
Chemical oxygen demand (COD) measurement
COD, samples were stabilized by acidifying with H 2 SO 4 below 2 and it was measured by dichromate titration method [24]
Conductivity, pH and total dissolved solids (TDS)
The electrical conductivity, pH, and TDS were examined using a multifunction PCD 650 waterproof portable meter. The water samples were investigated before and after treatments.
Turbidity measurement
Turbidity test of water samples was measured before and after treatments using 2100P (HACH 44600) turbidity meter [7] .
Coliform assay
The antibacterial assay was carried out to investigate the microbiological quality of the water sample. Pour plate method was used to examine the reduction of bacterial population from wastewater samples. This test was conducted prior to and after the treatment by moringa seed and activated carbon. A serial dilution of the water samples was performed using plating onto the nutrient agar plate before and after the treatment [15]. About 0.1 ml aliquot of each dilution was transferred onto the nutrient agar surface and then evenly spread onto the agar surface using an L-shape glass rod. The plates were then incubated at 37 o C for overnight. The numbers of colonies that were allowed to grow on the plate were counted. The numbers of colonies before and after the treatment with moringa seed and activated carbon were evaluated. Table 1 presents the statistical means, standard deviation, and ranges of each of the defined parameters prior to treatment (Raw water samples) and after treatments (moringa seed and activated carbon). Increments in the values of pH and Dissolved oxygen after treatment (moringa seed and activated carbon) and reductions in BODs, CODs, Conductivities, TDSs and Turbidities are excellent indicators that the water samples were treated significantly. Table 2 shows one sample T-test of these same physicochemical properties with their relationship and closeness to their respective standards for potable and drinking water by world health organization and Nigeria standard for drinking water (Table 3) . Their respective standard values were taken as the test values in each case of the parameters and with respect to their lower confidence interval and significance values. pH was better controlled towards neutrality by activated carbon treatment. BOD, COD, and conductivity were controlled significantly by activated carbon treatment. DO was significantly restored by moringa seed treatment. Turbidity was practically controlled by both approaches. Figure 2 also presents the total coliform result of the water samples (Raw and Treated). This account for the bacteria population densities in the water samples
